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RESULTS OF AN INVESTIGATION OF ELEVON HINGE MOMENTS AND DUAL PANEL 
ELEVON EFFECTIVENESS USING AN .0405-SCALE MODEL (16-0) OF 
THE CONFIGURATION 140C SPACE SHUTTLE ORBITER IN THE 
ROCKWELL INTERNATIONAL NAAL LOW SPEED WIND TUNNEL (0A119B) 

ABSTRACT 

Experimental aerodynamic investigations were conducted on a sting 
mounted .0405-scale representation of the HOC outer mold line Space 
Shuttle Orbiter in the Rockwell International 7.75 x 11.00 foot low speed 
wind tunnel during the time period from August 22, 1974 to September 6, 
1974. The NASA designation for this test period was 0A119B. 

The primary test objectives were to define dual panel elevon/aileron 
effectiveness and to Investigate elevon hinge-moments for the HOC Orbiter 
configuration with wing/elevon upper hingeline sealing "flapper" doors. 

The elevon parametric variations, consisting of the basic elevons with 6 
Inch gaps and flapper doors, elevons with no flapper doors and completely 
open upper hingeline gap, and an entirely sealed "solid" elevon, were 
tested with elevon deflections from +20° to -35° at various aileron de- 
flections (see collation sheets). 

For this test period aerodynamic force and moment data were measured 
in the body aMs system by a 2.5 inch Task type Internal strain gage bal- 
ance. The model was sting supported through the base region with a nomi- 
nal angle of attack range of -10° < a < +24°. Yaw polars were recorded 
over the sideslip angle range of -5° < 3 < +11° at alpha angles of 0, 5 , 
10°, 15°, and 20°. 
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CY, CYN, CBL versus ALPHA 
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NOMENCLATURE 

General 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

n 


speed of sound; m/oec, ft/oec 

Cp 

CP 

pressure coefflotent; (p^ - p®)/q 

M 

MACH 

Mach number; V/a 

P 


pressure; N/m 2 , psf 

q 

Q(NSM) 

Q(PSF) 

dynamic pressure; l/ppV 2 , N/m 2 , psf 

rn/l 

RN/L 

unit Reynolds number; per m, per ft 

V 


velocity; m/sec, ft/sec 

a 

ALPHA 

angle of attack, degrees 

0 

BETA 

angle of sideslip, degrees 

* 

PSI 

angle of yav, degrees 

* 

PHI 

angle of roli, degrees 

P 


mass density; kg/m^, slugs/ 1 



Reference & C.G. Definitions 

Ab 


base area; m 2 , ft 2 

b 

BREF 

wing span or reference span; m, ft 

c.g. 


center of gravity 

/ref 

c 

LREF 

reference length or wing mean 
aerodynamic chord; m, ft 

S 

SREF 

wing area or reference area; m 2 , ft : 


MRP 

moment reference point 


XMRP 

moment reference point on X axis 


YMRP 

moment reference point on Y axis 


ZMRP 

moment reference point on Z axis 


SUBSCRIPTS 

b 

1 

G 

t 

00 


base 

loeral 

static conditions 
total conditions 
free stream 
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NOMENCLATURE (Continued) 
Body-Axis System 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

% 

CN 

normal -force coefficient; normal force 

C A 

CA 

axial-force coefficient; axiaa - 

qS 

C Y 

CY 

side-force coefficient; slde £°?. c ? 

qS 

C A b 

CAB 

base-force coefficient; base £ ore . e 

qS 

-A b (Pb * Poo)/l5 

C Af 

CAF 

forebody axial force coefficient, 

c m 

cm 

pitching-moment coefficient; pitching moment 

^ s /ref 

c n 

CYN 

yawing-moment coefficient; y awin 6^ omer|,b 

c i 

CBL 

rolling-moment coefficient; ro11 ^ mom — - 



Stability -Axis System 

C L 

CL 

lift coefficient; ii— . 

qS 

C D 

CD 

drag coefficient: 

qS 


CDB 

base-drug coefficient; base drag 

qS 

C Df 

CDF 

forebody drag coefficient; 

c Y 

CY 

uide-forcij coefficient; oide £ orcc 

qS 

c m 

cm 

pitching -moment coefficient; p^^ c ^ n S m0Tn , !??■?- 

^REF 

C 

n 

CLN 

yawing-moment coefficient; 7 1 in moment 

* >D 

c '£ 

CCh 

rolling-moment coefficient; rolling moment 

l/d 

l/d 

lift -to- irnn ratio; C j/c D 

L/Df 

l/df 

lift to forobody drng rntioi 
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NOMENCLATURE 

Additions to Standard List 


Symbol 

Plot 

Symbol 

Description 

a b 


model base area, excluding sting cavity, ft^ 

a bc 


model sting/balance cavity area, ft^ 

'••a 

a B 

CAB 

model base axial force coefficient, calculated with A| 

o 

CO 

o 


model stlnq/balance cavity axial force coefficient, 
calculated with A BC 



balance uncorrected axial force coefficient 

c \ 


model weight tare axial force coefficient 

«• 

c e 


el e von panel MAC, In 

c u 

h ei 

CHMEI 

inboard elevon hinge-moment coefficient 

C H 

h eo 

CHMEO 

outboard elevon hinge-moment coefficient 

e il 

ELV-LI 

left inboard elevon panel 

e ir 

ELV-LR 

right inboard elevon panel 

e itrim 

EITRIM 

Inboard elevon trim position, deg. 

e ol 

ELV-LO 

left outboard elevon panel 

e or 

ELV-RO 

right outboard elevon panel 

e otrim 

EOTRIM 

outboard elevon trim position, deg. 

P B1....8 


base pressure at stations 1 8, respectively, psla 
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NOMENCLATURE (Concluded) 
Additions to Standard List 


P BC 


sting/balance cavity pressure, psia 

S e 


elevon panel reference area, ft 2 

XCP/LB 

XCP/L 

model longitudinal center of pressure location 
percent of body length 

*a 

AILRON 

aileron deflection, deg. 

6 BF 

BDFLAP 

body flap deflection, deg. 

6 e 

ELEVON 

elevon deflection, deg. 

6 R 

RUDDER 

rudder deflection, deg. 

6 sb 

SPDBRK 

speed brake deflection, deg. 

C Lf 

CLF 

forebody lift coefficient. 
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CONFIGURATION INVESTIGATED 


The model provided for test period 0A119B was an .0405-scale represen- 
tation of Jie current HOC Space Shuttle Outer Mold Line Configuration. 

The basic model was of the blended wing-body design utilizing a double 
delta wing (75°/45 °a le ), full span, dual panel elevons (unswept hingeline), 
a centerline vertical tail with rudder and/or speed brake deflection capa- 
bility, a canopy, a body flap, and an orbital maneuvering system (OMS) 
mounted on the aft fuselage sidewalls adjacent to the vertical tall. Also 
included for this low speed investigation were wing/elevon gap sealing 
"flapper" doors and a strain gage instrumented left wing dual panel elevon, 
(see Data Reduction Section). 

For this test period the following nomenclature was used to designate 
the various model components: 

Component Definition 

Bg 2 HOC Orbiter fuselage 

Cj 2 HOC Orbiter canopy 

E 45 HOC Orbiter dual panel elevon, no flapper door, 6" 

45 gaps, upper hingeline sealed (not tested) 

Ecc HOC Orbiter dual panel elevon, with flapper door, 6" 

gaps 

E,. fi HOC Orbiter dual panel elevon, with flapper doors, 

50 all gaps sealed 

E[- 7 HOC Orbiter dual panel elevon, with flapper doors, 

a/ 6" gaps sealed 

Ecp HOC Orbiter dual panel elevon, with flapper doors, 6" 

50 gaps, upper and lower hingeline gap sealed 
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CONFIGURATION INVESTIGATED (Concluded) 

140C Orblter dual panel elevon with flapper doors* 6" 
gaps, lower hingeline sealed 

140C Orblter dual panel elevon, no flapper door, 6" 
gaps, hlngellne unsealed 

140C Orblter body flap 

140A/B Orblter "long" OMS pods 

HOC Orblter "Short" OMS pods 

140A/B and HOC OMS nozzles 

HOC Orblter "solid" rudder 

HOC Orblter rudder with 0.5" gaps and 30° bevel 
between panels 

HOC Orblter centerline vertical tall 
HOC Orblter double de?ta wing 

Transition grit located on Orblter fuselage nose, wings, 
and vertical tall s 

Transition grit, same as X™ except alternate OMS pods 
grit location ^ 

Transition grit, same as X,- except alternate OMS pods 
grit location 

Transition grit, same as X Q except grit is also on OMS 
pod * 


TEST FACILITY DESCRIPTION 


North American Aerodynamics Laboratory (NAAL) 7.75 x 11 -Foot Wind 
Tunnel is a continuous flow, closed circuit, single return tunnel capable 

of speeds up to 200 miles per hour. 

The test section is vented to atmospheric pressure and is 7.75 x 11 
feet wide and 12 feet long. Power is supplied by a 1250-horsepower na- 
celle-mounted synchronous motor driving a 19-foot, seven-blade, laminated 
birch propeller. Airspeed is controlled by using a magnetic clutch to 
vary the degree of coupling between the motor and propeller. Turbulence 
is minimized by a damping screen and a honeycomb section in the settling 
chamber upstream from the contraction cone (ratio 7.53 to 1). 

Tests may be conducted using a variety of mounting systems: single 

strut, double strut, sting strut, reflection plane, cable suspension, or 
two-dimensional wall. Aerodynamic data may be measured by a planar type 
external balance system or sting-mounted internal balances. An Astrodata 
Automatic Data Acquisition System collects, multiplexes, digitizes, and 
records on magnetic tape 50 channels of force or pressure data or both. 
Data are then reduced and plotted using automatic data processing equip- 
ment and an automatic digital plotter. 

The NAAL Wind Tunnel has been operating since June 1943. Calibra- 
tions are available over a wide range of test conditions. 
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DATA REDUCTION 


The aerodynamic force and moment data presented In this report were 
measured by the Task Corporation 2.5 Inch MK IX Internal Strain Gage Balance. 
The data have been corrected for model base and balance chamber pressure 
effects, model blockage Influence on test section dynamic pressure, wall 
Interference effects on model aerodynamic coefficients, model sting support 
and balance deflections, and model static weight tare. 

Base and balance chamber pressure effects corrections were accomplished 
In the following manner: 



where C. ■ balance uncorrected axial force coefficient 
M u 



P ftr - P_ A Rr 
- ( BC 





P 8 " 


1/8 (Pgi + - • • * + P b8^ 


a model axial force static weight tare coefficient 

T 

All other corrections to the presented data utilized standard wind tunnel 
methods and equations. 

Inboard and outboard left wing eleven panel hinge-moments were measured 
by single beam strain gages and were reduced to coefficient form In the 
following manner: 

C H e0 ■ HHE0/qS e C e 
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DATA REDUCTION (Concluded) 


C H ei = HMEI/qS e C e 

where HMEO * Left wing outb'd elevon hinge-moment. In-lbs 

HMEI = Left wing Inb'd elevon hinge-moment. In-lbs 

p 

S g = Elevon reference area, ft 

C g * Elevon reference chord, Inches 

The following reference dimensions and model constants were used to 
reduce all aerodynamic and pressure data to coefficient form: 


Symbol 

Definition 

Full Scale 

Model Scale 

a b 

Area of model base, ft 2 (not 
including A BC ) 


0.5885 

a bc 

Area of balance cavity, ft 2 


0.0985 

b w 

Wing span, in. 

936.68 

37.9356 

C e 

Elevon reference chord, in. 

90.70 

3.6734 

C w 

Wing reference chord, in. 

474.81 

19.2300 

XCG 

Reference C.G. , in. aft of X =235 
fus. sta. 0 

1076.68 

43.6055 

YCG 

reference C.G. , butt, plane 

0.0 

0.0 

ZCG 

reference C.G. , waterplane 

375.00 

15.1875 

LB 

Length Orbiter fuselage, in. 

1290.30 

52.2572 

s e 

Elevon reference area, ft 2 

210.00 

0.3445 

S 

p 

Wing reference area, ft 

2690.00 

4.4123 
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TABLE I 


lDATE l 9-18-74 


TEST CONDITIONS 


MACH NUMBER 


REYNOLDS NUMBER 
(per foot) 


DYNAMIC PRESSURE (STAGNATION TEMPERATURE 
(pounds/sq.foot) | (degrees Fahrenheit) 



1.42 x 10 w /ft. 


1.85 x 10 6 /ft. 


60 Ibs/ft 


100 lbs /ft 


90° to 120°F 


90° to 120°F 


BALANCE 


UTILIZED: Task Corporation 2.5" MK IX 


CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


4000 io-lbs 


±.25% 


COMMENTS: 
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TABLE III MODEL DIMENSIONAL DATA 


MODEL COMPONENT : BODY - B 40 

GENERAL DESCRIPTION Configuration 140C orbiter fuselage, MCR 200- R4. 
Similar to 140A/S fuselage except af+ body revised and improved midbod y- 

wing-boot fairing. X„ = 940 to X^ « 1040. 

MODEL SmEi SUMS. 

DRAWING NUMBER : VL70-0001AQC. VL70-000202C . VL70-000205A 

VL70-000200B, VL70-000203 

DIMENSIONS ; FULL SCALE MODEL SCALE 


Length (TML: Pwd Sta X 0 = 23*), In. 1290.3 52.257 

Length (OML: Pwd Sta X 0 - 235). I n. 1293.3 52.379 

Max Width (@ X Q * 152S.3), In. 261.0 10-692 

Max Depth (ft X 6 = H 64 ). In. 250.0 10.125 

Fineness Ratio A. ft 99 A. 899 

Area - Ft 2 _____ ___________ 

Max. Cross-Sectional 340 , 802 

Plonform ___ _____ __ ________ 

Wetted ______ ______ 

Bose ______ , , 


30 



TABLE III (CONT«D) 


MODEL COMPONENT CANOPY - Cio 

GENERAL DESCRIPTION • Configuration HOC orbit ar canopy, vehicle 
.Mbin No. 31 updated to WCR 200-Rl. Used with fuselage 


-i&TO SCALE; JL.QLQ5 

DRAWING NUMBER VL70-0001A0 C. VL70-000202B. VL70-Q00201 


DIMENSIONS . FULL SCALE 

Length (X 0 =V34. 643 to 57*), Tn. 1L2l252 
Max Width (» X 0 * 513.127), In. 152.420 

Max Depth (@ Z 0 = 501 to 449. 39). In. 51.61 
Fineness Ratio 


MODEL SCALE 

S-806 

— Lm 

2.090 


Area 


Max. Cross-Sectional 
Plan form 


Wetted 

Base 
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MODEL COMPONENT: 


TABLE III (CONT»D) 
ELEVON - Kj; 


GENERAL DESCRIPTION:. Configura tion 1400 dual panel elevon. Elevon MLnge- 

j-j-S S. SL* o 88 t Elevon split line at Y r - 281 to 312.5. Upper wing/ 

eleven gap sealed bv flipper doora. 

MODEL SCALE; O.QA.Q5 


DRAWING NUMBER: 


VL7Q-QQQ1AOO, VL70-006089 , VL70-000200B, VL70-006092 


DIMENSIONS: FULL-SCALE 

Area - Ft^ 209.72 
Span (equivalents In. uq.po 
Inb'd equivalent chord., in. nft.nn 


Outb'd equivalent chord , in. 

Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.210 

At Outb'd equiv. chord oaoo 

Sweep Back Angles , degrees 

Leading Edge 0.0 

Tailing Edge - 10.056 

Hingeline 0.0 

Area Moment (Product of area & c ),?t 5 1586.63 

Mean Aerodynamic Chord, '<.n. 90.70 


MODEL SCALE 

SLm 
14 JJtl 

Jiu.779 

2 - 225 . 


0.210 

Q.4QQ 

SLn 

- 10.05 A 
0.0 * 
o-i <Y», 
3.873 




TABLE III (CONT»D) 

MODEL COMPONENT: F LEVON - E cC . • 


GENERAL DESCRIPTION: Configuration 140C dual nanel elevnn 

Elevon hinge- 


»3fil +« no t 

AVI / 

yine. eleven ^eleven. and ei eV An/f usa i flo<> fafa 

APS ftH fill OVA«l 4 amA A. 

solid no-gap construction- 



MODEL SCALE: 0,0405 ” 

DRAWING NUMBER: VL70-0001AQC, -006080 T -ono9onn j 

-006092 

* 

DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

A^a - Ft 2 

209.72 


jpan (equivalent) , In. 

- 319.20 

—14-143 

Inb'd equivalent chord , In. 

118.00 

LJ79 

Outb'd equivalent chord, in. 

— SSJI3 , 

2*221 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

0.210 

0.210 

At Outb'd equiv. chord 

0.400 

0.400 

Sweep Back Angles, degrees 



Leading Edge 

0.0 

0.0 

Tailing Edge 

zJ&S&L 

a- 10.Q56 

Hingeline 

— ,P.P 

(til 

Area Moment ( Product of area & 5 ), Ft^ 

1586.63 

jLlfiSA 

Mean Aerod^amie Chord, In. 

90.70 

3.673 
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TABLE III (CONT»D) 


MODEL COMPONENT: ELEVON - E 5? L_ 

GENERAL DESCRIP T ION: Configuration ll»OC dual panel elevon. Flevon hinge- 

line at ^JL387. Elevon split line at = 281 to 312.5. The eleven/ 

and el evon/fuaelaga fans are sealed. 

MODEL SCALE; O.OAOS 

DRAWING NUMBER : VL70-QQ01A.0 C. -006089, -000200B, -006092 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area - Ft 2 

.-mitt 

0.344 

Span (equivalent), In. 

-3k S,w30 

-14.143 

Inb'd equivalent chord, In. 

118.0 

ki222. 

Outb'd equivalent chord, in. 

51*12- 

— . 

Ratio movable surface chord/ 



total surface chord 



At Inb'd equiv. chord 

0*210 

SLZ 1ft 

At Outb'd equiv. chord 

ft, 4 QQ. 

0*400 

Sweep Back Angles, degrees 



Leading Ed^v. 

0.0 

SLQ— 

Tailing Edge 

- 10.056 

-10.016 

Hingeline 

0.0 

-0,0 

Area Moment (Product of area & c ] 

1 -Ft 3 1586.63 

...Q40&-,.. 

Mean Aerodynamic Chord, In. 

90.70 

3*673 
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TABLE III (CONT»D) 


MODEL COMPONENT: ELEYON - Egg 


GENERAL DESCRIPTION: __ Configuration 14QC dual panel clevon. Klevon hinge- 

Una nt . » u a H 8 7, olnvnn npllt Unr nt . r u = »« ... an . upper «„ d 

^ Iwor glevonAring gaps _____ 

MODEL SCALE? n.n/.n«; 


DRAWING NUMBER : 


J17fl-fl001 -006089 , -006092, -000200B 


DIMENSIONS: 

Area - Ft 2 

Span (equivalent), In. 

Inb * d equivalent chord , in. 

Outb'd equivalent chord, in. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiy. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingeline 

Area Moment (Product of area & 5 ),Ft^ 
Mean Aerodynamic Chord, In. 


FULL-SCALE 

209. 72 
-349.20 

— 3 . 18.0 

— iia? 

— S4.23.Q 
2*422- 

0.00 

- 10.056 

0.0 

1586.63 

90.70 


model scale 

0.344 

-2k* m 

— 4x279 
— 2*2I5__ 


■o.ap 

2x402 


— 2 * 02 ._ 
=-10.056 

2x0 

— 0r-mS4 

3.673 
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TABLE III (CONT»D) 


MODEL COMPONENT: Eijsvnn - t, ? 


GENERAL DESCRIPTION: .. Configurati on UOC dual panel slevon. Eleven 

J. l ne at X — 1387 . elevon sdit line At, y > dot l. no r , . . 

ton/ 

wing gap is sealed. 

MODEL SCALE; 0.0/,^ 


DRAWING NUMBER; 


JftTO-QWiW,..,, -000200B, -006089, -00609? 


DIMENSIONS: 

FULL-SCALE 

Area - Pt2 

209.72 

Span (equivalent) , i n . 

- -U0 on 

Inb'd equivalent chord, in. 

118.00 

Outb'd equivalent chord, i n . 

55.10 

Ratio movable surface chord/ 
total surface chord 


At Inb'd equlv. chord 

. . -0.210 

At Outb'd equlv. chord 

O.LOO 

Sweep Back Angles, degrees 


Leading Edge 

0.0 

Tailing Edge 

- 10.056 

Hlngellne 

0.0 

Area Moment (Product of area & c ) , Ft^ 

1586.63 

Mean Aerodynamic Chord, In. 

90.70 


MODEL SCALE 

— SL3LL 

— J4.1/i3 

-JuZZ2 

2*235 


SL2M 

I 

o.Ann 


« 0«iQ .... 

--1£LQ56_ 

-£.6 

3.673 
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TABLE III (CONT»D) 


►ADEL COMPONENT : ELEVON - 


GENERAL DESCRIPTION: .. Configuration HOC dual nan .1 ela»on. El 

aaaa Tllt u nft _l.t „ ■ mi 



DRAWING NUMBER : 


i 0 t ?Q~QQQ 1 4 QC , ? Q 00200 Bg - 006089 , -006092 


DIMENSIONS: 

Area - Ft 2 

Spin (equivalent) , In. 

Inb'd equivalent chord, In. 

Outb'd equivalent chord , In. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingeline 

Area Moment (Product of area & 5 ) Ft^ 
Mean Aerodynamic Chord, In. 


FULL-SCALE 

209.72 

- 349.20 
118.00 

- 5^.19 



0.0 

JiMLQSt 

0.0 

1586.63 

90.70 


MODEL SCALP 
0*344 

U21 

— 

— Q.210 

0-400 

— P.Q 

=- 10 - 0*6 
— 0-0 
— M&k— 

3.673 
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TABLE III (CONT'D) 


MODEL COMPONENT : BODY FLAP - F 10 

GENERAL DESCRIPTION • Configuration HOC body f lap. Hingeline 
located at X ft - 1532, Z n ■ 287. 


MODEL SCALE; O.OLOS 

DRAWING NUMBER , VL70-00Q1A0C . VL7Q-3S511A 

DIMENSIONS FULL SCALE MODEL SCALE 

Length (X c =1525. 5 - X Q *= 1613) . In. K7.«;n v su. 

Mox Width (@ L.E., X Q = 1525.5), In 10.86ft 

Mox Depth (X Q = 1532), In. 19. 802 0.802 

Fineness Ratio ______ ________ 

Areo - Ft ? _________ 

Mox. Cross— Sectional (® -LL. 0.058 

Planform 13^.736 n .991 

Wetted _____________ ____________ 

Bose (X 0 * 1*13) k.89 0.008 
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TABLE III (CONT'D) 


MODEL COMPONENT : ORBITAI. KAMEUVRRING SYSTEM - M ? 

GENERAL DESCRIPTION _ Configuration 140A 'B orblter QM s'rcs rwt« 


MODEL SCALE? 0.04 OS 

DRAWING NUMBER : _ VL7Q-000145 


dimensions full SCALE 

Length (OMO Fwd Sta X 0 * 1233.0). I n. 327.00 
Mox Width(@ x 0 “ 1450. 0), In. 94.50 

Max Depth X Q - 1493.0). Tn. 109.000 

Fineness Rotio 

Areo ________ 

Mox. Cross-Sectional ________ 

PI on form ______________ 

Wetted _______ 

Base 


MODEL SCALE 

13.244 
3-827 

LA 15 
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TABLE III (CONT'D) 


MODEL COMPONENT : ORBITAL MANEUVERING SYSTEM - M lfi 

GENERAL DESCRIPTION •• Confi Bratton 140C nr Mter CK3 nod — 

short pod. 


MODEL SCALE; O.OIOS 

DRAWING NUMBER VL70-008AO1. VL70-Q0ftiio 


DIMENSIONS . 

FULL SCALE 

MODEL SCALE 

Length (0M3 Pwd 3t.a X o =13l0. 5 ) . In 

* 25B.5Q 

10.469 

Max Width (• X 0 = 1511), In. 

- 136.8 

5.540 

Max Depth (® X Q « 1511 ), i n . 

74.70 

3.025 

Fineness Ratio 


oi.fi). 

Area - Ft^ 



Max. Cross-Sectional 

39.137 

0.097 

PI an form 

4 



Wetted 



Base 

« 
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TABUS III (CONT'D) 


MODEL COMPONENT: OMS NOZZLES - N28 — 

GENERAL DESCRIPTION: 1LOA/B nrhlt.wr CMS nP zz l ££ 



MODEL SCALE: _ 
DRAWING NUMBER: 
DIMEN. ‘.IONS: 


CLD405 


VL7Q-OOOI/xOA (Location). S S -AQ0106 . Rel. *> (Contou r 

pirr.T. arvLE MODEL SCALE 


MaCH NO. 


Length - In. 

Gimbai Point to Exit Plane 
Throat to Exit Plane 


Diameter - In. 
Exit 
Throat 
Inlet 


Area - ft^ 

Exit 

Throat 

Gimbai Point (Station) - In. 
Left Nozzles 


Right Nozzles 

*0 

*0 

Zo 

Null Position - Deg. 
Left Nozzles 
Pitch 
Yaw 



1^518.0 
- 88.0 

M+m 

- 3.. 56k- 

1*Q2. 0 

1^.926 

1518.0 

88. Q_ 

61.L72 

lxShk 

1.02. 00 

19.926 

J&21 

12°17» 

15°L9» 

l2°irT- 

15 ° 1 + 9 ' 

15°49' 

12017' 

12°17' 


Right Nozzles 
Pitch 
Yaw 


41 


TABLE III (CONT'D) 


MODEL COMPONENT: rudder - r. ' ♦ ‘ 

GENERAL DESCRIPTION: Configuration 140C orbit er rudder used on centerli ne 

o 

vert i cal t ail V fl. — 3Q have! and-_Q.5» Wwaen rudd e r nanaTa has hean 

sealed. Duplicates solid r udder. 

MODEL SCALE; 0.0405 


DRAWING NUMBER: VL7n-nnm r vt 7 n-r>n<v>og 


DIMENSIONS: 


FULL-SCALE 


Area - Ft 2 

Span (equivalent). In. 

Inb'd equivalent chord. In. 

Outb'd equivalent chord, in. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingeline 

3 

Area Moment ( Product of area & e) .Ft 
Mean Aerodynamic Chord, In. 


100.17 
201.0 
91.580 
50. 8^0 


0.400 


QJiOQL 

34. 83 
26.25 
34.83 
611.17 

73.2 


MODEL SCALE 
0.1643 

8.141 

3.709 

2.059 


0.400 


IL40Q 


26.25 

34.83 



2.965 
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TABLE III (CQNT*D) 


MODEL COMPONENT : RUDDER - Rjg 


GENERAL DESCRIPTION: _ Configuration HOC orbit, er rudder „ 9 «d on center- 



DRAWING NUMBER: 

ITT AAA^a e 


DIMENSIONS: 

full-scale 

Area - Ft 2 

- 1QQ - u 

Span (equivalent) , in. 

—201.0 ... 

Inb'd equivalent chord, i n . 

— 21^50 

Outb'd equivalent chord, i n . 

_50.8U0 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

0.400 

At Outb'd equiv. chord 

SL 4QQ.. 

Sweep Back Angles, degrees 

Leading Edge 

3'.. 83 

Tailing Edge 

2 L& 

Hingeline 

3L>£3 


Area Moment ( Product of area & c ) Ft ^ 611.17 

Mean Aerodynamic Chord, In. 73 


MODEL SCALE 

— Q.1&3 

— E.141 

—3.709 

2^059 


0.400 

-0.400 

2L 2$ 

& b 

-CLpA QL 
2.965 
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TABLE III (CONT'D) 


MODEL COMPONENT: VERTICAL - Vg 

GENERAL DESCRIPTION: Configuration 140C orbit a r vartlnal tall 

(Identical to configuration 140A / B vortical tail) 


MODEL SCALE: 0.0405 


DRAWING NUMBER: VL70-000140C . VL70-000146B 

DIMENSIONS: 

TOTAL DATA 

Area (Theo) - Ft 2 
Planform 

Span (Theo) - In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees. 

Leading Edge 
Trailing Edge 
0.25 Element Line 

Chords: 

Root (Theo) VP 
Tip (Theo) VP 
MAC 

Pus . Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section 

Leading Wedge Angle - Deg. 

Trailing Wedge Angle - Deg. 

Leading Edge Radius 

Void Area 

Blanketed Area 


FULL SCALE 

MODEL SCALE 

413352 

0.678 

315.72 

12.787 

1.675 

1.675 

0.507 

0.507 


0.404 

45.000 

45.000 

26.25 

-26.25 


a. 13 MAI 


263.50 10.874 


108.47 

_ 4.393 

199.81 

8.092 

-1463.51 

_59_.272 

JA1A1 

Z 5L738 


QjO 0.0 


10.0 10.0 


-14*92 

14.92 

2.00 

0.0810 

13. Mo 

0,022 

0.0 

0.0 
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TABLE III (CONT'D) 


MODEL COMPONENT : WING-W,.*. 

-ENERA'. DESCRIPTION : Configuration 140C orbitar wing, MCR 200, R4. Similar to 

140A '8 wing but with refinements: improved wing-boot -midbody fairing 

Lift » QZiQ to X. » elavftn <nHt H«. Y n - o<n v B . ^ «j 


MODEL SCALE; O.OIM 
TEST NO. 

DIMENSIONS: 


TOTAL DATA 

Area i.heo.) Ft z 
Plan form 
Span (Theo In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep 3ack Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) B.P.0.0* 
TId, (Theo) B.P. 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


EXPOSED DATA , 

Area (Theo ) Ft 4 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 
7 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b • 

7 

Tip b - 

7 


Data for (1) of (2) Sides 
Leading Edge Cuff « 
Planform Ansa Ft 4 


leading Edge Intersects Fus M. L. • Sta 
leading Edge Intersects Wing $ Sta 
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M6. NO. VL70-000U0C. -000200* 

FULL-SCALE MODEL SCALE 


-269Q.QQ 

—236.68 

2-26S 

1.377 

0.200 

Mm. 

- - OtSOCL 

Lm. 


35,209 


639.24 

„■ 127.85 

474.61 

1136.81 

- 329. 58 

182.13 


3-751 ♦ 


562.09 


4.412 

-a. 177. 

0.200 

.3.399 

0.599 

_i*ooo. 


—&P99 JAaPOQ, 

zMM , --I 0.065 


JJu2S2 

-2.7.93A 

—5.583 

19.230 

—7.376 

-Sam 

29.188 


2. 059 2.0S9 

ZSE 333 


22.765 

-5.483 


3 92.P3 15. 9H 

i iffi.gfe TO! 

-Sit 77 


132 

— Mum. 

jpg??, 


0.113 

0.120 


0.113 

0.120 


S he 

* 00 . 

.00 




39 .2.59 

.472 



TABLE III (CONT’D) 

MODEL COMPONENT? TRANSITION GRIT - X 9 

GENERAL DESCRIPTION? Grit locat.ed on no*’® an^ nil ew®pt sur^ae *><? 

to provide forced boundary layer transition. 


NOMINAL ORIT DIAMETER. IN. 


Fuselage 

0.005#* 

All surface* erceot fu«®la^e 

0.0076 

STRIP THICKNESS, INC. 

0.100 

LOCATION? 


Inches af+. of local leading edgre 

1.00 

(streanwie®) 
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TABLE III (CONT*D) 

MODEL COMPONENT: TRANSITION GRIT - X 32 

GENERAL DESCRIPTION: Grit located on model nose, OMS pods at 2.5" aft 

of leading edge, and all swept surfaces to provide forced boundary layer 
transition. 

NOMINAL GRIT DIAMETER - IN. 

Fuselage and CMS Pods 
All surfaces except above 
STRIP THICKNESS, In. 

LOCATION: 

Inches aft (streamwise) of local L.E. 


0.0054 

0.0076 

0.10 

1.000 
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TABLE III (C0NT*D) 

MODEL COMPONENT: TRANSITION GRIT - X 33 

GENERAL DESCRIPTION: Grit located on model nose, OMS pods at 0 . 5 " aft of 

leading edge, and all swept surfaces to provide forced boundary layer 
transition. 


NOMINAL GRIT DIAMETER - IN. 

Fuselage and OMS Pods 0.0054 

All surfaces except above 0.0076 

STRIP THICKNESS, In. 0.10 

LOCATION: 

Inches aft (streamwise) of local L.E. 1.000 
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TABLE III (CONL'D) 

MODEL COMPO ' IT: ' TRANSITION GRIT - 

GENERAL DESCRIPTION: Grit located on model nose, OMS Pods, and all swept 

surfaces to provide forced boundary layer transition. 


NOMINAL GRIT DIAMETER - IN. 


Fuselage & OMS pods 

0.0054 

All surfaces except above 

0.0076 

STRIP THICKNESS, In. 

0.10 

LOCATION: 


Inches aft (streamwise) of local 
leading edge 

1.000 
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Figure 1. - Axis systems 




a. Orbiter Three View. 
Figure 2. - Model sketch. 
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a. NAAL Installation, Rear View-Configuration 
862 Cl 2 FlO Ml 6 N28 Wl27 E 55 V8 R5 X? 
Figure 3. - Model photographs. 


) 
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b. NAAL Installation, Rear View-Configuration 
B 6 2 c 12 f 10 w 127 e 55 v 8 r 5 x 9 
Figure 3. - Concluded. 
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TABULATED SOURCE DATA 


Tabulations of plotted data are available on request from 
Data Management Serv'es. 
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